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I. INEJASTIC SCATTRRING,

The progrsas of inelastic scattering mesazursemanta at

this laborutory has been outlined previously in severaml

reporte and publiontionsl 4’. The pressnt data comstituse

' inveris Teohnicel Repert to Project FEPA, released
September, 19%0, later appearing in part as "fiw

Soattering of Fast Foutrens by Rismuth and lead",
Handeville and Swana, FPiye. Rev. 84, 2)4 {19%1).

) Pine) Repors of sue Werk of She Darvol Beseaceh Nwndetie

of ihe Zxenklin instituve $o Projeet KEDA 69 Torfermed
wadar Contrmot 80-0034, issued Aprild 30, 1951,

) Pirss Seni-Anmwl Beport of the Work of the Dartal Ressaroh
Foundation of the Franklin Isatitute Ferformed wnfer
Oomtract Nour-456(00), ilsswed Decemdar 31, 1991, Nere
of this repors latser was published as "The Seattering
of Jast Neutroms by Wolfraa", Mandeville, Swanm and
Zeywour, Puys. Rev. 86, 361 (19%2).

) seatpe Bepare, Comtrmgt Borr-436(0u), Jwmary - Seprember,
1952, sukaitted September 24, 1932.

an s¢rionsion of the esrlier efforta. 7To date, *'w prin-
oipal detectar has bean the photngraphioc plate. Esrlier
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massurenenis f consinted 1n obtntnin, dntn wite and

without noatterers before thea photopxnphin platea. A din-
ndvanitsage of the peometry wane thmt primary unnoattersd
asutrons ocould xreach the pletes nlong with the elsastically
and inclastionlly somttered neutrons giving riss to & large
and undesirable background. This difficulty was svemsarised
in the final report undor Contrmo$ SC-20%54 to projeot mx”.
April %, 19851. in this sawms repart it was also suggested
that a geometxy be adopted wherein the photographic plates
would not b in the deam of priwsry neutroms ineident upon
the soastersr, that they should be located st 90° %o the
bean $0 receive neutrons soattered through tiat angls. Suoh
& goometYy WaC indioated in Pigure 2 of Referemce 2. A
"30-degres® geometry wo adaptod by Stelsom and Preston’’

3) sselsun and Preston, Phys. Hev. £6, 132 (1852).

whes they studied ths neuwtren groups reijating to <he inelastie
soattering of fast neutrons by .lrons’.

Although the éata of Stelscn and Preston’’ were statis-
tically poor, their veesalts seemsd t0 hold yromise. Aescsd-
ingly the lnp paraffin ccllimmsor of their measurensnts
we constiusted as dosaribed iu Referomoe 4. iIn actumliny, !
Swo collisators were preparad at Bartol, one of lengsh "

L

W xibh

. -

¥




50 om e initialiy buiits hy Steslsen and Preston, the cihex

n shortear and mere widaly finyved version of lengtrk 20 om.

The shorter cotlimatcr wan onst to inerease (he neutyon
intensity st the acatterar. Objactions rmve baen raised in
various quarters to the Stelaon-Preston experiment. It has
been argued that the presance of such laxrge quentities of
varaffin as thay used, leads to a degredation of the mrimary
neutron enaxrgy and to spurious groups of low energy neutrons
shioh night be interrxreted as having been inelastioally
coattered. COConsequerily, before doing any oollimstor eoxperi-
wenits, {t wan decided $0 investigate sowe different waristions
of the so-omlled “wedge” geometxy for shieldimng the photegrs;his
plates. A schematio diagrem of oce form of this gecmetry was
given in Figwme 1 of Referenoe 4. To keop iwbttering mavdrisls
et & ainiawm, 1% wus decided to irrediate a seattarer of irom
in the geometry of Figwre 1 of the present peper. This av-
rengeaent represents the extrene oase in whieh there is »wo
ocllimation w shielding to give any degredation of the

primery noutron beam.

The dssirehle nentroas whioh axre detected im the platen
of Mgure 1 are those which have proceeded from the dsateriwm
targss to the scatterer ané themoe Shwrcugh an angle of 90°
to She photsogrephic plates. Present also are reocoil protons
produced by irradiation of the photographio plates by the
neutrons arriving directly from the target. In the measuze-~
nant of the plates, only ths upper half of the platus, the
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halY nsarex tha sortterer, sme romd. In the geomatry of
Flgure 1, reuvoil protons onn appeax whish maie fn sngle of
ag little as thirty degrees with the farward Jdivsciion. The
complement of the angle indicsted in the drawing of Pigure 1
is 42°. An acoeptance angle of twelve dsgrees of the foyrward
direocsion was employed in the photographio piates s0 that at
the center of the photogrephio plate it would be possidble %o
find acoaptable recoi) protons making an angle as small as
thirty degrees with the path of the insident sssocinted
Reutron coming directly fxum the target. The ewTigy of the
recolil jroton would be given bWy

R’-l‘m=6

whare &8 indicated adove, @ eould Be as 1itSiv &8 INiTWy de-
grees, 80 that the recoiis osuld ave as mach as save-fawrths
of the primnry aswtrom enexgy. OJimce caly the wppar mlf of
the plates wero read, the engle was ummlly greater than 30°,
Ia the msasuremenis of this sectiom of the repars, deuterome
of enaxrygy 1.9 Meyv vere passed tiwough a nickel foil of thiok-
ness ~/ 300 Kevy into a targst of deuterium gao adous 20U Kev
thick. Tis Tesultant neutrone 'Rd an enargy of ~ 4 iev &8
indioated Ly a oontrol plate piaced &t the position of the
soatterer. Most of the recoil protons resulting from Qirecs
irreadiation of the plates were removed by oheosing only
reacoil protons of energy in excess of 2.3} Mav. Another
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mource of racoil protons is natrens prooceding dirsatly
Trom target to platas to be soattered fiom tiw AgBr of tha
smuision and from the silicon in the girss becking cf the
emulsion. Extensive ocaloulations were perforrmed to get en
estimmte of this affeot, and they aeemad to indiocate thuw
about four or five times as many neusrons are socattered from
the Ag, Br, and S1 ag from the iron soatterer itself. This
fact alone places in doudt amy resulss which might de obtained
from the unshielded geomedry of FPigure 1. Neverthelesss, %o
obtain & oomplete exverimental pioturs, a ¢ylindrioal iron
seatterer of langth one inoch and diamter .om inoh wap ir-
rediated in the psometry of FPiguare 1.

A Foational =sihid o2 cvposuyw was adopted in whioch a
total of five million integretor ooumde werse reeorded at tn
deuteriva serget of the Van de Greaff gwmoreder, Wwo million
with seatterer, two uillion without seatterer, and one milliom
with a eomtrol plate in the position noaxmslly coeupied v the
iron seattexsy to0 dstarmine Wha homogeneity of the primxy
incident bdeam of neutrons &t 4-Mev. (The calitwasiom of the
integrator 419 V.05 conlamd per integretor oount.) The data
with and without soatterer are plotted im Piguwres 2 and 3,
Pipre 2 in energy interwals of 0.1 Nev and Pigure 3 in inter-
vals of 0.2 Mev. A oontinmm of recovils aproars t0 be prusent
below 4 ¥av, The two cuxrves are Aissimilar batwesn 3.J and
4 Mev, suggesting the possibility that elasiioslly and inslasti-
s8lly soattered noutrons have beon oontriluted by ths iron
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pratiovsay in Shis soaglome AL-oer 4.8 Mav nppenrs a proup of
vontrona on bolh seate of platas bayond the positlion in energy
whioh 18 possible zcocording to the kinetios of the doutsron -
dauterium renction- Thim group of neutrons i= aussigned to thw
reaction w14 {n,p) Cuo When & photogrephic plate i3 plsced
parallel with & neutron beam, the group of neutxcns {rom

ni¢ (n,p) 6} 14 not uswally aoticsadle. It is usually oom-
Plestuly overshadowed by the neutrons from the D-D renotion.
However, when the plates are nearly vertiosl to neutron beas
as are those in FMgure 1, the prisary neutrons disappesar, amd
tee 3M (n,p) oM peutrons become apparent.

Binee the diresct neutrones were 20 scattered bty thn Agir
and 5i as to partially mmsk the entTibvuticn of the ixom
sontieres. it becams avident that adequato shielding wast be
interposed tstween the deutaxrium target &and the >hotogrephie
plases. The deoisiom as te how much ehielding can de smployed
prosents & prodblen, Yesnuse if WO mueh 15 plased between the
Wrget and plates, the seatterer will bo too far romowed from
the neutron source, thus reducing the solid angle sudtonded at
she source by the scatseyer. Oonsequently, &8 survey of possidle
geonetries tms osrried out wiih a view % oboerving the
mokgreund of soattersd nsutrons in the platss under warions
oonaisions of shividing. 57 scatiarsd noutrons in thias oxue
16 Beant those socsttered from the AgPr and 84. o iyon
scatterer was present. No direotional oritsris were applisé
in measuring the txacka. In faot, they were not actuslly
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menptired budt eooely oontzlad. Ths number of trnoeka of a1l
ypee per fleld of viaw =mn resovdsd.  Any tyacks whiloh qould

ba diffarentiatad from the btaokground grains was oounted.

Thue, the beckground measuremwnts cf the various geometries

should be appliceble to oounter meazuremenis &s ¥ell azx to
photographio plates.

The wvarious types of shields are desoribed in Pigure 4
(10 /m of paxuffin, 10 om of dissuth), Pigure 3 (20 om of
paraffin), and Pigure 6 (s Stelason-Preston type ocollimator
of length 20 om). Tho results of the shielding measuremsnts
are desorided in Pigure 7, where a table of dase is presented.
From the tadle 18 48 oclear that the pareffin wedge of length
10 om allows & background Jaly i.0 Wimse as groet z:z %tie
eollimator and that tha 20 om wedge gives rise ¢5 a lower
tackground thua the scatterer’.

o AS the bottom of she table 19 a row of ésata relating to an

unshielded bomdardmsnt of a pallicle (an emumlsion 500 sioroms
Shiok withous any glaes backing). The geamstyy was thas of
Figare ) with no scattarer present. Acourding $0 the table,
16.8 tracks par field of view were obesrved. This figure
st be divided by tiee $0 reduos the pelliole thickness

t0 that of tie photographic plates (100 maierons), iving

5.6 txaoks pexr fi6ld of view, in agresment with 5.5 trecks
fourd in the plates. Thus, the additiomm]) 200 miovons of
emulsion thickness ocontaining AgBr oontridiute as meny
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aoallerad nentrong Lo the raradwing V03 mtcrsns of pallilals
thiskness ss dosa tha sinss baosking 1o Lhe LU0 micron
srnleicn of the nhotosrarhia piate.

In oxrder to obvtain & high density of incident nantrons, a Aa-
oision wes mads to eploy & modifioetion of the 10 om of
pareffin shown in Figure 4, This new form of the 1U-om geumatxy
18 showm in Pigure H, The various angles of the momentum re-
letionship kre such that caly ovne-fourth of the inoident psutxcea
onergy <en be imparted to a protom in the emulsion. Rowsver,
only xecoils of energy greater thanm 1.6 Nev vare aotumlly ao-
ceapiad. The energy dimiributions with and without soatterer
and the difference curve Are Dicised in Figure 9. Am 2lastio
Goup 18 well defined, but the inelastio one is "sssared™ ower
8 oonsixeredle regiom and doces not exkidit parsioularly good
definition. The troken line of the difference ouwrve ropresents
she energy Jdistridution ccrrected for varistion with n-p
suattering cx'oas-section and aoceptance protability of the traels.
To obtain the Sate of Figure S, 10,%80 fields of view
were observed in dinooular miocroscopes to attain 779 sceept-
adlé recoil proiton tracks in the ocase of scatsaorer prosentk.
The beokaround without soatterer was determined Ly measuring
329 trmoks in 5,650 fields of view. As t5 domdbarding time,
e total of seven million insegrator counts were ascumulatsd
with sontterer and sevon million without somtterer. A oontrol

plate replaced the scattsrer for one million integrator omnts
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Lo ghindn Lher ens: oy onactvyum of tha primery beaam of nesuirons
anplocyad in the scatlerlny expariment. It ie posuibla that
nome of the neuntyone from the targzet aouli be scattered and
degraded in the puratfin, then elastioally scattered in tha
irom to the photographio rlates tc aprear as a low energy group
to be confused with inelastioally scattered neéutrons from the
iron soatterer. A background "run" does not take irto socoount
neutyon groups producod in this manner. The primary neutron
speotrum i3 shown in Plgure 10. I% {8 estimmted hat less
than five per oent of the neutrons lie delow the prineipal
group. The rreseide of the umeared inelastio eontribdutiom of
the differenss ocurve of Pigure © Lsumct S sxXplained By suoh
& saall percentage of degredation of the rriasry beem.
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FE. TOTAL NHISTHON CHOGS CRCT LoHS

introduotion

1)

Previous msasuremants of the total orosu assotion of

1} R. K. Adair, Rev. Mod. Phys. 22, 249 (1950).

phosphorus for fest neutrons havd yielded only soanty inforwe-
tion in the enargy range availadble to us. The total oxoes

seotion for chloxrine has not been reported previously, while

thas for gold anpearsd in sbstraet fora®’ during owr imvestigstion.

L R. L. B5akex, R. Ralt and A, Omamki, Bull, Amer. Fiys. Sce.
31, 19 (19%2).

ARaIeiae

A Tadio frequeney iom souree has recantly beea imstalled
ia our esmll eleotrostatio genesxretor, wiich together with suig-
abdle auxiliary foesusing voltages yields a 15 is.a. resolved dena
of protone in the energy rumge 300 g0 1600 Kev. The generatar
voleage 18 kepts eonstant to within 1 to 2 kv %y the use of a
coromt stabilising cirouit whose error signal 1s derived from
a paiy of insulated slits loonsed at the outpus end of the
analys...& WAgNeS.

In oxrder to measuve the ion biam enexgy, work wmas initiated
on a toreion belance with whioh the magnet field of the
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annivring magna? sould te maneurad.  Davelopmant work was

. e I - S S S N G e
windey way et Srm Yion ol theae ospsyinests, and

TR TR OE T
ptabllity end reproducibility of the toxrsics: bmiance wan
achieved., Howevsr, since the completion of this work would
have required more tims than onuld reasomadly Heo ailotted to
these oxpariments, it was deoided t5 xely on the existing
gensrating voltmoter. A omxeful investigation of the
stability and reproducidility of the generating voltmster
revaaled that after overtain difficulties in the grounding of
the rotor were eliminrted, the only remaining variable was

the tempereture expansion of the generusor colwm. When this
was reduced as far as poseidls by the use of weser-ocoling coils
i Ihs presewre ak, thi Fepwrviwelivility sf she geasTeting
voltester was generslly about 2 Xv. Thms, 7hile the voltssber
1af% amoh 70 bde desired, 1t was adequate fer the presewt en-
periacate, and wus ther ealiteted, using the Pipja , ') we-
scoance 8% 873.5 Kev, the Al(p, ¥' ) rescmanes at 995.3 Kev and

the IO(p,n) threshold at 1.019 Nev'?). 1 naaisiem she X(p,n)

3) R, 5, Bery, 8. C. Gnowson, and O. Sals, Yuys. Kev. T8,
246 (1349)

4) R, ». Pesohek, G. A. Jervis, H. V. Argo and A. Bemsendinger,
m. Rev. n. 1260 (19‘9)0

-

threahold was checked after esch 100 KEev interval shroughouts the

oross ac¢otion measurementa.
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The Lrittlus Lnrgests were prepored by absorbing tritiunm
€an at o oam E PEessarvd inio 8 glirsmiiuwm fiiwm evnporetad onta

5}
0 wolfran backing”’ Saomae LTTiculty was enoountered in making

5) A, B. L\ll1e and J. P, Conner, Rev. Sci. Inst. 22, 210 (1951).

uniform siroonium-tritium targets, as evidenoced by the presence

of fluatuations in the neutron oounting xate of About two w three
tioes the statistionl fluotuatiens. To remove this souree of
trouble, w0 peirn of ocrossed electrostatio deflacting plases ware
inetalisd Just after the wuliput 21its of the amlysing ceagnes.

A 60 oyole per seocond a.0. volwige was arplied across one pair
and a 4U0 avale per seaond a .z, voldmse map apnlied
agross the other pair of plates, in axrder to spread vt the beaa
over the disphregue near the Sarges.

The target area was suitadly diaplumgned to allow swp-
pression of the secondary electrons fros the target and Siwms,
peTmis the use of a desn vurrend integrator in arder to monliler
the neutrom yisid. A oonventioma) ocondenser and neon-glom tube
wBs used in eonjumciion with a scale of 296 ccaler for measwring
ths total charge scowmmilated on the target during each run.

The wsctrons were detscted by & ocoanventional emwriched
er, slow neutron oountox"‘&"‘ surrounded by paraffin with an outer

6) NMapufactured by M. Wood Counter lsdoratery, 35491 Blackstone
Averme, Chicage 1%, ill.
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lsyvexr of cadmium. The cutsids dimansisn of iLhe counter with
paxalfin was 4 inchem and 1tw af7antive lenghih was £ inohen.
Two cheols of tha stabillity of the nautron datector end its
assoviated oirouvitry, using & 10 millicurie Ra-Be souros,
showed that electronio jitter and voltage drifts 4id not in-
fiuence the vounting rate mares than cne per ocent.

Finally, there was present in nll the msasureasnis a
tine dependent beakground of neutrons coming mainly from the
region of the amlysing mamet ctembter. This was reduoed
consideredly Lty interpoaing a semck of Tive grilomn cans filled
with a sstureted water solution of boxax. In addisioe, ithe
somnting yate of these hacksround neutrons was determined as
frequent intervals while taking the deta, and cn atten)t Ws
ande t0 carrent the desired nsutron omnting reate fer this
souroe of neutroms. 8inoce thw amount of sheee Wckground
PUTIONS TAS DOVer BoTe then five per sems, it 18 felt shad
Shis sourocs of fluovaasion is adequately acccumted fur.

Bofore mpasxing the %otal neutron croes seetioms, the
effeot of the emsot looation of the seatterer was irvessi-
gated. Pigure 11 shows that the loamticn of the socatterer
elong thHe target-detectar axis is not very aritiosl, and thmt
the soatturing-in omrection oen ascount for the obmerved
varistion of ths scunting rate. As the soatterer is moved

deaxer to the neutrom -ouroo,\ the counting rate rises sharply,

~1%-

.
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NEUTRON ENEROY (REV)

Fig. 13. Total crom saction of gold for neutrona In the energy runge 1 ~ 250 Kav wos meamsred
{n. with the Jetector 40° from the dirsciion of the proton beom. ins total cross section of magnesium

vt also measured In the 60° geometry .
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and My bn maestated Fer by tiae sapid nsvoass of tthe aolild
sngie sublanded by the soatherar fxom the target. if tiw
aoatterer 1w moved towmard the neutron counter, & sudden inarsacs
in oounting rate oococuwrs becAuse in our set-up the dianster of
the asounter is larger than the dlameter of the socatterer. As
the somtiarer passes ingide the Ceteotr-come, somé nsutrons
pasr direotly into the detedtor witnout passing through the
saatiterer. The entire effect oan bde oouaputed from the paxa-
msters givem in the oaption to Pigure 1l. Henoe, 1% was felt
that she ooxrection due t¢ the soattering of nautrone iMoo the

detootor are adequately accounted for by the following formuiat

ond = 1n [(1-1/(!/!, - r)] (1)

where ¢” 18 the SoW) orcse section, j is the mmber of seatber-
ing nuslei/em’, § 18 the Shickness of the scatberer, J is the
ooumting Yate with the scatterer in place eerrected fur the
pareffin shadew-cone bi.ekground, l° 10 the ocomting rate without
he siatherer earrested for the shmdow-cone haakground, £ is a
Se0metrice) ssamwme of the soattering-in ooxrection and is
given by

£ = [u- /e’) (& o /aw } .[(Vr)’ . A/nu.-r.g) (2)

where 407/4w is the Aifferential aroes section im the direcsion
of the detector, L is the target-detector distance, I is the

-14-

}’!! B s e




tavgeat ncattersr distance. aAand A 18 ihs snvesn of sonbiaver.
The Tirat brrackesl was taken sqgual Ho unity, airos: it im noi
exmotty colonlahle but is axpeated to be near wnity in our
energy range acoording to ths continuum thwery of wmiolear

ruoum”, In the geometry used, the scattering-in

7)  pina) Repors of the Past Neutron Dasa Project, NYO-636.

correction, £, usually amounted to four per oens.

The vartation of the neutron ocounting rate as She seatlerer
"as noved fn a plane perpendicular to thw Wrget-detector anis
"ae aleo investigated. A misalignmont of adout one-half insh
save & negligible change in the oowmmiimg s wovided Wms
the sentierer was aligned inisially.

The energy spresd of the newtrona was determined almost
mtirely W the thickmess of the sireoniw-tritium taxrget. In
epder to measuiv this target Shickness, eareful measwrenents
of the meutron yield 12 the forwurd direction were tsken
(eoe Pigwre 12). In the Appendix tiw shape of the yield ewrve
%0 be expectad was cnloulated using several reasomsbls assumytions.
1f only ene uniform target was amployed, a departure of the ex-
perisemtal points from the caloulated curve wae odbesrved i mmoh

the same feshiom &8 that desaribed by Bomner and Busler®’. 1r,

8) 2. ¥. Bonmer and J. ¥. Butler, Phys. Rev. 83, 1091 (1951).

however, two differsnt targzet layers ware assumaed to oonstisute
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th= - gat Tt o0 B ef Ule dagredhpay s rsmoved.  in
pRriicular 1Y 8y pery cant of the teivium wai asoamad to ba
praaent in a 3% Kev layer, =25nd dirsctly im bnok of this, 18
por osnt of the tritiun was assuned to ba resent ip » 15 Kev
layer, then a uniqus fit was ¢btained within the acouxracy of
the assumptions involved: 7The sesoond laysr is thought ¢ be
due to an adsoxption of the tritium in She wolfram backing
onto whiah the sirconium was evaparated. In any csmse, She
22utron CNeTEY spread 1s seen %0 be due to & 40-4% Xev shick
wWrgst.

Ae a chwaok on this, the narrow resonanes in the towml
neutron aross seotion of magnesiwm at 85 Xov reporeed Wy
Pields and %1°) mas measured with our sowres of mewtreme.

9) R, B. Plelas and N, V=14, Prgs. Rev. Z3, €79 (1981).

L e

PMgure 13 shaws the chearved newtren energy width %o b 43-30
Kev in agreament with the target thickwese mredictimm.

P L]

The gold seatterer consisted of & one-lalf inch thiek
«linder of pure gold 1 3/4 inches in dismetsr. Pigure 13
gives the rerults for ghld, and 1% s to be noted that thwae
dats were talen before inutalling the beam-spreaders and the
water-ocan abscrvsrs. A ocomparison of the gold data wish eitheyr
the ohlorine oxr phosphorus data shows the extent of the reduotion

~18~
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i the fluchuations aflfeatad by the use of the benwm gpcandess
ary’ the wetor oong. Scevern? ahenk pointa mars mmds on sold
after the spreadars nnd the aeter canm were instniled; and
these repsat points fell right along the average line drawn
tiwough the points. From these results, it is felt that the
total arvas ssotion for gold does not hmve resonances in the
ensrgy range 100 to 700 kav. RMaxthermore, the magnitude of
ths crocs section agrees well with those of neighboring atemio
weight elemente. l

ine total cxone seotian for chlorine was mesoured woing
001, ina 1 3/4 Anch ddameter oylinder, 2 inches im lemgth.
The effeot of the carbon was subsequently subtrected, using
%he carvon erces section givea @ Adeirl), Indiecatiens of
FOSORER0SS Cosar A% several nsutron enexrgies and are separeted
g abous 100 Kev.

The total orose sectiom far PROSPHGETA WBS NeGWed, ws-
ing white phespharus cast ime & 1 V4 iach diamvter eplisder,
1 1/2 inches ia loagth. 7hare Are Ssveral Prominent reecnances
in Shis enewgy renge, Hut higher resolution experimswtes whish
nhptohnbhtomymmhbhmmnhn
any 4e%ails concerning the mavwre of the Yesonanoss. Ihe

nw value agreez wmll wish thas xewported bWy msr“.

-17-
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Appandix

The Torward direoction yield of the H{p wihe reaciion
from a target of finite thickness an nsasured by ouxr finite-

as28d counter (assumsd to be a flat ciroular disk) is given by
Y= (B n/on )] R (8)o{R) (dng,/ang ¢ and,/an,) an, er,

.mlallmmmdmmmm“thohrmtm
seogndt, R 18 the mmber of tritiwm muslei per cabdic cemsi-
mter, § 15 the ladoratery angle msasured from the proton
Yeon direetion, ¢ , and § o are the two ombder of mmse angles
froa whioh eTgnit AutTons &ontribute %o i laberetary velid
angle 4.0g and(|(9) 15 the somsl efficiency of the detestcr.
The ¢iffereatiial oress seetiena in labarttery co-oriinates Ias
Latn otleulsted wmithk tha acswmmyticn timt the differemtial
aroes Sostien in the combexr of sRde co-ondirates 18 a oonstant.
The bl axces oeetion,#”() is thea wmly & fumetiem of W
onexgy of the protcm B ip ¢tz layer, dx, of the targes.

For somvenience in iategretion, & paremster

k= Nty / 02 ) V2 (1 - & /)2

1s imtroduved whare !.!. 'R' I' and Io are the masser of She
targst, residwml, bombarding and otgoing partinles respectively.

S

% 3 retrn e
it




Eﬁ is the threashold enargy of ths reustlon in inboratory

LG STdsamben,  The TOTAL OYCan avueLaun of LIS TIGOVAGE Xa
sasunsd to vary as (b - }:‘,0)1/‘2 neayr threshold and sinces the
exuaot variation pbove thresiicld is not known, it is ochcazen
for oonvenienve in irmtegrating to be auch that o~ax v\kzdk .
The aonal effioiency of the counter Q(D) is also agssumed %o

bs a oconstant.

Using the dynmamios of the H’(p.n)l@h!§ reaction, ths wvaliue
of a.ﬂ*/an, moy be found as & funotica of Xk and 8., The
Antegration then may be ocarricd out with the result shas

Yeingaam) KPP oter 0(EK (Bm 0,

Y = (N 34/%) [‘1’ -0ce o (K,? -1t 0 ’n]

for 81a 8, C K, ¢ (i / M ) V2 [1 -3, /8, can)| M2

Y- (I,M)[x,’ - Ky? - Cos &, (X," - asa® QO)M]M 0<K ( 81n O,
Y = (805 [x,% - 2,3 - 0os 0, (K7 - 51 0)%2 4 Gou 8

(K2 - g1a® eo)”"] for K, 7840 6, WS K, & 1.
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In the formulas A is an unknomm sonatent dapanding on
thn affi{ioclency of the counter and other osonsianis ¢l wns
reastion, a 15 the emargy losm per am Yor the proton beam in
“h2 target, 6 is the half angle subtended by the counter
(7.50%) and t 1s the thiokncss of thy target in om. k; 1s
ths value of k at the front edge of ths target and k? is the
value of k at the btack adge of the target, each far an ineoi-
dent protcn beam of omexgy 8'.




11X  IHOTRUNMMHZATTON AND FUTURF MBEASUREMINTS.

The neutrons employed in the measuremants of this
report were generated by deuteron bombeardment ©f deuterium
in the smeller Bartol Van de Graaff generator. In the fall
of 1951, this smilier generator waus txansferred from its
Drevicus loocation to the new of!f-campus muolear research
oonte: of the Burtol lissearch Poumdaiion. Much of the spring
of 19352 mae consumed in battering the psrfermanse of the gen-
srator. Yor emampla, the bombarding bdeam of magnetioally
amalysed deutarons was inorsased fruom 0.% we 1.0 nioroampere
to twenty microsmperes faoilitating infinitely $he productice
of noutrona for measwemsn®s such &s thooe deserided ia
Ssotiens I end TI of this repart.

A Cockroft-flaltcn set which has Deen previcusly des-
oribad (Referemoe 3, Bection I), 1s being trumsferred % &
bailding of 1%e om. This bduillding 1 deing eonstructed with
exclusive use of tie privase funds of tiw Jarscl Foumdation.
Beutaens have Woem swocesafully produced in this gensruter,
but sinoe 1% mas loocated 2a close proximity to the smll
smerasor, simtlitanecus opsration of the Wwo accelerators
beoame impoadsidle.

With & view %0 applying seimtillation counter methods
%0 dstaotion of aeutrons and gasms yYoys involved in soalter-
ing experiments, two oomplete detection units are being buils.
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Eaeoh consimsta of photemuliiplisr, linsary saplifier, asingla
shennsel puole (&SI Slboa Lo iy, and @22lipe AlTInLt.

A colnsidence enalyzsr will also b2 employad foxr aoting soin-
oldsnoes botween neutrons and ganme rays.

Using the 20-om geometry of Pigure %, Seotioa I, ohxamium
tas besen irradiated by 4-Mevy nsutrous. Iron has bosn ir-
radinted again in a new geomatry which will by desoribed im a
Iater repart. These exposures lave been Just complated at
the Simo of writing thi. manusarips and the ausociated photvo-
grupiiio piates have not beenm analyweld. It was planned alse
% Lrediate M, O, and e in the 20-om geomotTy. Nowever,
sinse ¢the soutren finz i3 3¢ gveat for 22 miocrosaperva of
aillien volt dowtervas, the foleruned “ua wms exprisnced
18 & very short %ise &y the epevating arew furing the iren- !
drenian boabardmiate. It hms therefwe MWONC ROSIINREY o
POSIPERS SANPOTErily further irredistions.

IS will b recalled shat ceme time ape e large
Yen 06 Oranfe generater ind boem Meilt @ Ve sme-Whird of |
138 fim) Meight and testod a9 regards voitage, Yan refwotion,
and opsratien. 7he success of these ste Jstifisd the mext
shep, the extension of tho gsneretor %0 its full wight. This
extension has been ocarried owt and clectrostatis veltages in
exoess of 5 NV lave bdeen oViained.

Ihe full length of the sccelezating tude hns been installed,
tsogetinr with the ion source. Several tests relative 40 the 1o~
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beanm &rs under Tmy. In thiz scnnectlion, slectrosiatic
dcfisctor pletes and the suppressaxr inve Lasn added just
below the mooslerating tube propsr. The purposse of the
Tormer is to align the bsam and that of the latter to
surpreas back electrons.

The analysing magnet is now in opersting, @lthough a
few refinements are still to be made. Esrmentially sll the
mergy contiolling mechanisn !ms besn oompleted: the aie-
sente which have not deen sompleted amait the besa tRuia
sationed atove, It 1s expecisd thad, bdarring umforesced
eirouastancea, the generutor will ba opexuting with a foeused
bean and ot a voldege in exeess of 9 millien velts in abowd
& seuth.

The above pragress report e the genarutar’ hae Wes
ingiuded because it 19 Swbendod that this machinme alnli b
ubed 10 cemneetivm with the nowizen ssattering wexk, par-
mi9Sing neutron baams of Nush higher energy and gredtacr
intonsity shaa thoee S0 far aweilabdle Se we.
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